different time is not inconsistent with the agent's belief that if the two targets are about to be hit simultaneously, the game shuts down. But it is still inconsistent with the agent's belief that she cannot hit both targets.
Over the past few decades the Everettian interpretation of quantum mechanics 1 has also been much debated. There is an interesting connection between the way these two topics raise issues about subjective probability assignments.
This connection is often alluded to, but as far as we know Peter J. Lewis's 'Quantum Sleeping Beauty' (2007a) is the first attempt to examine it explicitly. Lewis claims that the two debates are not independent: to be specific, he argues that accepting the Everettian interpretation of quantum mechanics requires you to be a 'halfer' about Sleeping Beauty, in opposition to the more widely accepted 'thirder' solution.
This paper will argue that Lewis is wrong. Everettians do not have to be halfers. It is perfectly cogent to be both an Everettian and a thirder.
Elga's original puzzle
The Sleeping Beauty puzzle was introduced by Elga (2000: 143) as follows:
Some researchers are going to put you to sleep [on Sunday]. During the two days that your sleep will last, they will briefly wake you up either once [on Monday] or twice [on Monday and Tuesday], depending on the toss of a fair coin (Heads: once; Tails: twice). After each waking, they will put you to back to sleep with a drug that makes you forget that waking.
When you are first awakened, to what degree ought you believe that the outcome of the coin toss is Heads?
The apparent paradox arises because there are seemingly good reasons to answer both 1/2 and 1/3 to the question posed by Elga. On the one hand, given that the coin is fair, you clearly ought to attach a credence of 1/2 to Heads before being put to sleep, and since you do not acquire any new information on being wakened, there seems no reason not to stick to this. On the other hand, if the experiment were repeated many times, 2/3 of the awakenings would follow Tails and only 1/3 would follow Heads, and this seems to argue for attaching a credence of 1/3 to Heads (Elga 2000: 143-44) .
A survey of the different arguments for halfing and thirding is beyond the scope of this paper. We need only note that the overwhelming majority of philosophers are thirders (including inter alia Elga (2000) , Vaidman and Saunders (2001) , Dorr (2002) , Monton (2002) , Arntzenius (2003) , Hitchcock (2004) , Horgan (2004 Horgan ( ), (2007 , Weintraub (2004) and Dieks (2007) ). As far as we know, only David Lewis (2001) is a definite halfer in print. Bradley (2003) , Bradley and Leitgeb (2006) , White (2006), and Pust (2008) raise challenges of varying importance to thirders.
The Everettian interpretation of quantum mechanics and subjective probability
Suppose that there is a spin-1/2 particle in an eigenstate of z-spin. According to the Everettian interpretation of quantum mechanics, if the x-spin is measured, then fission or branching takes place. 2 The measurement results in two branches of reality, with the result spin-up in one branch and spin-down in the other. Moreover, if there is an observer of this result, then this observer branches too, with one successor seeing spin-up and the other spin-down.
What degree of belief ought the observer to attach to seeing spin-up before the split? This question raises a number of issues for Everettians (see §7), but they all agree that in this symmetrical situation the pre-split observer should adopt a credence of 1/2 for spin-up (and likewise for spin-down). Now consider this case, which will be central in what follows. Everything is as above, except that the result of the spin measurement is temporarily hidden after the branching. In this case too all Everettians agree that the post-split successors should assign a 1/2 credence for spin-up until the result is revealed.
Simplified Sleeping Beauty and the Everettian analogy
Lewis (2007a) begins with a simplified Sleeping Beauty case. This does away with the coin toss. Beauty is simply told that she will be woken up on Monday, that her memory of this will be erased, and that she will then be woken up again on Tuesday. Therefore, on Sunday Beauty 'should assign a probability of 1 to both ''I will wake up on Monday'' and ''I will wake up on Tuesday'' ' (Lewis 2007a: 62) . Moreover, upon her first awakening she should assign a probability of 1/2 to 'Today is Monday' (and likewise for Tuesday).
Lewis observes that there are some striking similarities between this simplified Sleeping Beauty case and the Everettian set-up where the result of the spin measurement is concealed from the post-split observer. First, in both cases the two later selves are psychologically continuous with the initial self. Second, the two later selves are psychologically discontinuous from each other: any new memories formed by the one are not shared by the other. Finally, in both cases 'the agent gets lost in [the] branching structure' (Lewis 2007a: 60) : in the simplified Sleeping Beauty case, you will not know which day it is, and in the Everettian case, you will not know which branch you are on until the result of the measurement is revealed.
Lewis's argument
Lewis's argument hinges on the thought that, since the simplified Sleeping Beauty and the Everettian set-up are so structurally similar, the same rational degrees of belief ought to apply in both cases.
As schematized above, the two cases differ in the prior degrees of belief ascribed to the relevant outcomes. Where Beauty ascribes a credence of 1 to both 'I will wake up on Monday' and 'I will wake up on Tuesday' before she is put to sleep on Sunday, the Everettian observer ascribes 1/2 to 'I will see spin-up' and 'I will see spin-down' before splitting takes place.
So Lewis infers that either Beauty ought to have prior degrees of belief of 1/2, or the pre-split Everettian observer ought to have prior degrees of belief of 1. Since he takes it to be essential to the Everettian programme that the pre-split Everettian observer will have prior degrees of belief of 1/2, he concludes that Everettians are forced to hold that Sleeping Beauty ought to attach a prior credence of 1/2 to both 'I will wake up on Monday' and 'I will wake up on Tuesday'. a thirder and an everettian | 81
Given this move, Lewis's conclusion that Everettians have to be halfers quickly follows. The full Sleeping Beauty puzzle can be viewed as an initial coin toss, followed either by the simplified Sleeping Beauty case (if Tails on the initial toss) or by an awakening on Monday alone (if Heads). But Lewis has in effect already concluded that Everettians must treat the simplified Sleeping Beauty case just as if she were going to be awakened on either Monday or Tuesday depending on the outcome of a fair coin toss. So he infers that Everettians must treat the full Sleeping Beauty puzzle just as if it involved two successive coin tosses, as in Figure 4 . Now, it is uncontentious that in a double-toss set-up like this, you ought to be a halfer about the initial coin toss. You are going to be awakened just once whether that initial toss is Heads or Tails. So there is no line of argument which suggests, as in the original full Sleeping Beauty paradox, that subjects will be awakened twice as often when the initial coin toss was Tails, and so should take their being awakened as some sort of evidence for Tails. Being awakened after a double coin toss as in Figure 4 cannot in any way be construed as carrying any information about the initial toss, and so must leave the credence in Tails at 1/2.
Criticism of Lewis's argument
Lewis's argument is only as good as his crucial claim that Everettians must treat the simplified Sleeping Beauty case and the Everettian spin measurement analogously. But he offers no good reason for this. True, there are the structural analogies he points to (see §4). But against that can be put the basic point that for Everettians the metaphysics of the simplified Sleeping Beauty set-up is quite different from that of the spin measurement.
There is only one branch of reality at issue in the simplified Sleeping Beauty case, in which she is awoken on both Monday and Tuesday. By contrast, Everettians hold that there are two branches of reality after the spin measurement, each with only one result. Since Everettians are committed to non-unitary credences only in respect of futures that genuinely branch, they can restrict initial credences of 1/2 to the spin-measuring set-up. In the simplified Sleeping Beauty case there is only one future branch, in which both the Monday and Tuesday awakening will occur for sure, so they should continue to attach a credence of 1 to these events. In short, the analogous phenomenology of self-location does not override the fundamental metaphysical differences between the spin-measurement and the simplified Sleeping Beauty set-up. The self-centred perceptions may be similar, but the metaphysical differences still dictate a different assignment of Everettian credences.
If Lewis is wrong about what Everettians should say about the simplified Sleeping Beauty case, then he is also wrong to claim that they should treat the full Sleeping Beauty set-up as a double coin toss. Everettians should simply insist that there is no real chanciness on the Tails branch. Once the coin turns out to be Tails, Beauty will be woken up both on Monday and on Tuesday. Everettians have no reason to accept Lewis's claim that for them this is equivalent to her being 'woken up either on Monday or on Tuesday' with a 1/2 chance of each (Lewis 2007a: 63, our emphasis) . So his argument that Everettians must be halfers falls away. They can view the full Sleeping Beauty paradox just like everybody else, and so have just as much reason to be thirders.
Vaidman on quantum credences
There is one possible line of argument that might bolster Lewis's case. There is no indication in his paper that he would endorse this line of argument, but it will be worth discussing briefly.
Let us go back to the question of Everettian credences about future branches. We said earlier that Everettians all agree that in the spin measurement case the right credences are 1/2 for spin-up and 1/2 for spin-down. But of course there is an obvious worry about their ascription of such nonunitary credences to their putative branching futures. Since they know that the future is certainly going to contain all the branches, why should they expect any of them to a degree other than 1?
Different Everettians offer different answers to this challenge. Some hold that non-unitary Everettian credences require some kind of ignorance about the future (Saunders (1998) , Tappenden (2000) , Wallace (2006) and Vaidman (1998 Vaidman ( , 2002a ). Others hold that they are consistent with full knowledge of the future (Papineau (2004) and Greaves (2004) ). Of interest here is a specific version of the former strategy due to Lev Vaidman. 3 Vaidman's approach hinges on the kind of case where the result of a quantum measurement is temporarily concealed from the post-branching observers. These observers are genuinely ignorant about which branch they are on. Accordingly, their non-unitary credences can be regarded as a normal reflection of this ignorance. Vaidman then argues that since there is no substantial epistemic difference between these observers and their pre-branching ancestor, the ancestor ought to attach the same non-unitary credences to the relevant branches.
This line of thought substantially strengthens the analogy between the spin-measurement case and the simplified Sleeping Beauty case. If Vaidman is right, the pre-split non-unitary credences in the spin-measurement case are a reflection of the way post-split observers can be ignorant about their selflocation. If this is really the rationale for the Everettian non-unitary credences, then perhaps it does indeed carry over to the simplified Sleeping Beauty case. The awakened Sleeping Beauty is ignorant about her self-location, yet she is not substantially epistemically different from her Sunday self. Vaidman's line of argument thus suggests that her Sunday self ought to have non-unitary initial credences too. 4 We are not sure whether or not Vaidman's rationale really does carry over from spin-measurements to Sleeping Beauty cases. But suppose for the sake of the argument that it does. Given this, Lewis can then appeal to Vaidman to bolster his claim that Everettians ought to be halfers.
Still, the natural response is that this is a problem for Vaidman's specific approach to non-unitary Everettian credences, rather than a problem for Everettianism per se. It cannot be right to say that Beauty should have non-unitary credences about her future wakings in the simplified Sleeping Beauty case. If Vaidman's account implies this, then so much the worse for Vaidman's account.
After all, as observed above, Vaidman's approach is just one among a number of Everettian options. None of the other options support Lewis's analogy between Everettian quantum measurements and Sleeping Beauty. If Vaidman's approach does indeed validate the analogy, then this is simply a reason for preferring these other options to Vaidman's. 5 King's College London Strand, London WC2R 2LS, UK david.papineau@kcl.ac.uk London SW15 5PH, Reply to Papineau and Durà -Vilà PETER J. LEWIS I have argued (Lewis 2007 ) that anyone who adopts the Everettian approach to the foundations of quantum mechanics must also accept the (unpopular) 'halfer' solution to the Sleeping Beauty puzzle. Papineau and Durà -Vilà (2009) have responded with an argument that it is perfectly cogent both to be an Everettian and to accept the (popular) 'thirder' solution to Sleeping Beauty. Here I attempt to rebut their argument, and to clarify my original position.
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My argument depends on the claim that there are strong structural parallels between the Everettian treatment of a simple spin measurement and a simplified version of the Sleeping Beauty puzzle. The simple spin measurement is a measurement of the x-spin of a spin-1/2 particle whose state is an eigenstate of z-spin. The simplified Sleeping Beauty scenario is one in which Sleeping Beauty is told that she will (definitely) be woken on Monday and on Tuesday, with memory erasure in between. In each case, the agent's subjective experience has a branching structure, and she becomes uncertain about her location in this structure. On the basis of this analogy, I argue that the same subjective probability assignment is appropriate in each case to quantify the agent's uncertainty. But the accepted assignment in the Sleeping Beauty case does not allow for pre-measurement probabilities other than 1 when applied to the Everettian case, and the required assignment in the Everettian case entails the problematic halfer assignment when applied to the Sleeping Beauty case.
Papineau and Durà -Vilà 's main contention is that the analogy between the two cases fails, since 'the analogous phenomenology of self-location does not override the fundamental metaphysical differences between the spin-measurement and the simplified Sleeping Beauty set-up ' (2009: 83) . In particular, 'there is only one branch of reality at issue in the simplified Sleeping Beauty case', whereas 'there are two branches of reality after the spin measurement' (82). This is a crucial difference, they maintain, since it allows the Everettian to ascribe credences that are disanalogous to those in the Sleeping Beauty case. Hence one can be a thirder in the Sleeping Beauty case without thirder-style probability assignments carrying over to the Everettian case (which would be disastrous).
It is not clear to me that the metaphysical differences are as marked as Papineau and Durà -Vilà claim. If 'reality' is that which is described by the 
